STUDY QUESTION: Is the risk of postpartum psychosis (PPP) increased in women who give birth after IVF treatment compared to after spontaneous conception?
Introduction
Postpartum psychosis (PPP) is a severe mental illness that follows 0.1-0.2% of births (Harlow et al., 2007; Valdimarsdóttir et al., 2009) . While the Diagnostic and Statistical Manual of Mental Disorders (fifth edition) has defined the postpartum period as the first 4 weeks after childbirth (American Psychiatric Association, 2013) , mental illnesses occurring during the first year after childbirth are often described as having a postpartum onset (Dennis et al., 2012; O'Hara and Wisner, 2014) . Symptoms of PPP include delusions, hallucinations, mood swings, disorganized behaviour, confusion and stupor (Brockington, 2004; Sit et al., 2006; Heron et al., 2008) . This severe mental illness almost inevitably results in hospitalization (Spinelli, 2009) , has a negative effect on mother-child interaction and child development (Stein et al., 2014) and can even lead to suicide (Johannsen et al., 2016) and infanticide (Porter and Gavin, 2010) .
The major risk factors of PPP include a history of PPP (Robertson et al., 2005; Sit et al., 2006; Bergink et al. 2012; Jones et al., 2014) or of a bipolar disorder (Sit et al., 2006; Harlow et al., 2007; Bergink et al., 2012; Jones et al., 2014) , primiparity (Robertson Blackmore et al., 2006; Jones et al., 2014) and a family history of PPP or bipolar disorder (Jones and Craddock, 2001; Sit et al., 2006) . Other potential risk factors, which some studies have found support for, include a history of psychotic disorders (Harlow et al., 2007) , high maternal age (Valdimarsdóttir et al., 2009 ) and pregnancy and delivery complications such as pre-eclampsia (Bergink et al., 2015) , preterm birth (Nager et al., 2008) and delivery by Caesarian section (Nager et al., 2008) .
It is estimated that, in some western countries, as many as 2-5% of births are a result of IVF treatment (European Society of Human Reproduction and Embryology-ART Fact Sheet, http://www.eshre. eu/annual_meeting/page.aspx/1367). The risk of several pregnancy and delivery complications such as pre-eclampsia, preterm birth and delivery by Caesarian section is increased in IVF pregnancies (Nygren et al., 2007; Zollner and Dietl, 2013) . In addition, infertility and its treatment can have adverse effects on psychological well-being (Eugster and Vingerhoets, 1999; Verhaak et al., 2007) , but for most women these adverse effects disappear when treatment is successful (Verhaak et al., 2005) . Meanwhile, some studies have shown that women who have conceived using IVF treatment experience higher levels of pregnancy-specific distress, for example about foetal health and survival, (Hammarberg et al., 2008; Gourounti, 2016) and can be in increased need of support postpartum, such as admission to early parenting services (McMahon et al., 1997; Fisher et al., 2012) . It could be hypothesized that these higher levels of stress could make women who give birth after IVF treatment more susceptible to the hormonal fluctuations and general stressors associated with the postpartum period.
Both immunological (Bergink et al., 2013) and endocrinological (Meinhard et al., 2014) mechanisms have been implicated in the pathogenesis of PPP. Associations between PPP and pre-eclampsia, which is an immune-related disorder in pregnancy, have been found (Bergink et al., 2011; Bergink et al., 2015) . These disorders share some common risk factors, such as primiparity and previous episodes of the respective diseases (Bergink et al., 2011) . Since there is a well-known association between IVF treatment and pre-eclampsia (Nygren et al, 2007; Zollner and Dietl, 2013) , it could be hypothesized that the risk of PPP would be increased in women who have conceived using IVF treatment. Meanwhile, there are no previous studies on this topic.
The objective of the present study is to assess if there is a difference in PPP risk between women who give birth after IVF treatment and women who give birth after spontaneous conception. We hypothesize that IVF treatment will increase the risk of PPP due to two factors: first, the high levels of stress these women are exposed to pre-and postpartum; second, because the risk of pregnancy and delivery complications such as pre-eclampsia, which in turn serve as risk factors for PPP, is increased in IVF pregnancies.
Material and Methods

Population
All women who were included in the Swedish IVF register from 1st January 1988 to 31st December 2012 and who were born from 1st January 1973 to 31st December 1991 were included in the study (n = 10 412). This time period was chosen to include the maximum number of women for whom information was available from all registers. A control group of women (n = 18 624) who had given birth after spontaneous conception was, using the SPSS (IBM Inc., Armonk, NY, USA) sample procedure, randomly selected from the Medical Birth Register (MBR). In order to increase the power of the study, a large control group was chosen. Since most women included in the IVF register are primiparous, the scope of this study was limited to primiparous women so that comparable groups could be created.
Registers
All Swedish residents are given a unique personal identification number (PIN). The PINs of the women included in this study were used to link information from the different registers.
The MBR
The MBR includes 97-99% of pregnancies that have resulted in births in Sweden since 1973 and contains information about the pregnancy, delivery and neonatal health of the child. The register based on the medical charts from maternal healthcare, obstetric care as well as infant care (National Board of Health and Welfare, 2009 ) is validated and has previously been thoroughly described by Harlow et al. (2007) . Information about maternal age at childbirth as well as pregnancy and delivery complications was collected from this register.
The National Patient Register
The National Patient Register (NPR) contains information about all patients who have been discharged from hospital or treated in outpatient psychiatric care. The coverage in regard to psychiatric care is complete since 1973 (National Board of Heath and Welfare-The National Patient Register, http://www.socialstyrelsen.se/register/halsodataregister/patientregistret/ inenglish). This register is thoroughly described by Harlow et al. (2007) . Information about psychiatric diagnoses pre-and postpartum was collected from the NPR.
The IVF register
Since 1982, all women who have undergone IVF treatment and subsequently given birth are included in the IVF register. Source data are automatically transferred from the patient charts to the register. It is held by the National Board of Health and Welfare and is managed by all Swedish centres conducting IVF treatment (Källén et al., 2005) . From this register the PINs of the women who had given birth after IVF treatment were collected.
The Total Population Register, the Population and Housing Census and the Education Register
The Total Population Register was established in 1968 and includes information on births, deaths, migrations and marital status (Statistics Sweden, 1974; Statistics Sweden, 2012) . This information was collected through the Population and Housing Census prior to 1976. Information about marital status was collected from this register. The Education Register contains information about the educational level of the population which is collected continuously (Statistics Sweden, 2004) . Information about highest level of education was collected from this register. These registers are held by Statistics Sweden.
Variables
Sociodemographic variables
The marital status variable was divided into (i) married/cohabiting and (ii) unmarried/divorced/widowed. Highest level of education was divided into (i) secondary school, (ii) high school and (iii) university. Maternal age at childbirth was divided into three groups; <25, 25-34 and ≥35 years.
Factors of pregnancy and delivery
Mode of childbirth was divided into normal/instrumental/Caesarean and plurality into single/multiple. Birthweight was divided into extremely low birthweight (<1000 g, ELBW), very low birthweight (1000-1499 g, VLBW), low birthweight (1500-2499 g, LBW) and normal birthweight (≥2500 g). For the regression analyses, birthweight was further divided into low birthweight (<2500 g) and normal birthweight (≥2500 g). Gestational age was divided into <28 weeks (extremely preterm), 28-31 weeks (very preterm), 32-36 weeks (preterm), 37-40 weeks (term) and >40 weeks (post-term). For the regression analyses, gestational age was further divided into preterm <37 weeks or term/post-term (≥37 weeks).
Information was also collected about complications of labour and delivery, which corresponded to the diagnostic codes O60-O75 in the ICD-10 (International Statistical Classification of Diseases and Related Health Problems, the 10th edition), as well as the maternal gestational conditions gestational diabetes (ICD-10 diagnostic codes O240-249) and preclampsia (ICD-10 diagnostic codes O11, O140-149, O15).
Pre-and postpartum psychiatric diagnoses
The psychiatric diagnoses were chosen from the fifth chapter of the ICD-10, containing the mental and behavioural disorders. They were limited to the past 5 years prior to childbirth and 1 year postpartum. This postpartum time period was chosen to ascertain that women who receive a PPP diagnosis late in the course of the illness were included. The diagnostic codes included for PPP were the ICD-10 codes F20-29 (Schizophrenia, Schizotypal and Delusional disorders), F30-31 (Manic episode and bipolar disorder) and F531 (Severe mental and behavioural disorders associated with the puerperium). With the exception of F531, the same diagnoses were retrieved 5 years prior to childbirth with the addition of ICD-10 codes F32-39 (Depression), F40 (Fobic disorders), F41 (Other anxiety disorders), F42 (obsessive-compulsive disorder), F43 (Reactions to severe stress) and F60 (Disorders of adult personality and behaviour).
Diagnoses collected from 1983 to 1987 emanated from the ICD-8, from 1988 to 1996 from the ICD-9, in 1997 from both ICD-9 and ICD-10 and from 1998 and onwards from the ICD-10. The translation from ICD-10 to −9 and −8 was performed using World Health Organization conversion Tables (The National Board of Health and Welfare-Translation charts, http://www.socialstyrelsen.se/klassificeringochkoder/diagnoskodericd-10/ konverteringstabeller) by one of the co-authors, a statistician (M.B.), and was audited by another of the co-authors, a medical doctor (A.J.).
Statistics
The calculations were performed using SPSS 22.0 (IBM Inc., Armonk, NY, USA). Chi-square tests were used to determine differences between the IVF group and the control group in the following groups of variables and outcomes: Demographics (maternal age, highest level of education, marital status), factors of pregnancy and delivery (mode of childbirth, complications of labour and delivery, birthweight, gestational length, plurality, gestational diabetes, pre-eclampsia), previous psychiatric diagnoses and PPP. When there were less than five frequencies in a cell, Fisher's exact tests were used to test statistical significance between the two groups.
Multiple logistic regression analyses with PPP as the dependent variable were performed. In addition to group (IVF, Controls), the included covariates were the above mentioned groups of variables included in the chisquare tests which were potential confounding factors of PPP. All five groups of previous psychiatric diagnoses (schizophrenia or other psychotic disorders, bipolar disorder or mania, depression, anxiety disorders and personality disorders) as well as the other covariates were added in the same regression analyses. The P-values, odds ratios (ORs) and CIs reported for the other covariates stem from this regression analysis.
Meanwhile, the multicollinearity for the psychiatric diagnoses variables was high. Therefore, these variables were added to the other covariates in five separate multiple logistic regression analyses, one for each group of psychiatric diagnoses. In order to increase the power of the study, a grouped variable consisting of all psychiatric diagnoses in the 5 years prior to childbirth was created and separate regression analyses were performed using this variable. A post hoc power analysis focusing on the prevalence of PPP in the two groups was performed.
Ethics
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Results
Demographics
The mean age of the women in the IVF group was 31.1 years (SD 3.4), compared to 27.5 years (SD 4.4) in the control group (P < 0.001). As shown in Table I , those in the IVF group were more likely to be married (P < 0.001) and to have completed an education at university than were those in the control group (P < 0.001).
Characteristics of the current pregnancy
The IVF women were more likely than the women in the control group to have been diagnosed with gestational diabetes (P = 0.007) or pre-eclampsia (P < 0.001), to give birth prematurely (P < 0.001) or to have a baby with a low birthweight (P < 0.001), to have a multiple birth (<0.001), an instrumental delivery or delivery by Caesarean section (P < 0.001) and to have received at least one O60-75 ICD-10 diagnosis (P < 0.001) ( Table I) .
When only women with singleton pregnancies were included, the above reported significantly higher risk in the IVF group than in the control group remained for preterm birth (7.7% versus 5.9%; P < 0.001), low birthweight (5.6% versus 3.7%; P < 0.001), complications of labour and delivery (51.7% versus 40.8%; P < 0.001), instrumental delivery (22.8% versus 16.4%; P < 0.001), caesarean section (14.3% versus 13.8%; P < 0.001), pre-eclampsia (5.4% versus 4.3%; P < 0.001) and gestational diabetes (0.9% versus 0.6%; P = 0.005). 
History of psychiatric illness
In total, 4.2% of the total number of women had received any psychiatric diagnosis in the 5 years prior to childbirth but there were no differences between the IVF and the control group (Table II) . In regard to previous psychiatric diagnoses, there was only a significant difference between the groups for schizophrenia or other psychotic disorders, which had been diagnosed in four of the women who had received IVF (0.04%) and 26 (0.1%) of those in the control group (P = 0.015). There were no differences between the two groups in regard to mania or bipolar disorder, depression, anxiety or personality disorders (Table II) .
Postpartum psychosis
The chi-square tests (P = 0.169) and the logistic regression analyses (Table III) showed no differences between the groups in regard to risk of PPP. In total, 106 (0.4%) of the women had received a PPP diagnosis. Twenty-nine (0.3%) of the women of the IVF group and 77 (0.4%) in the control group had been diagnosed with PPP. While 26 (0.1%) of the women received a psychotic disorder diagnosis, 40 (0.1%) were diagnosed with mania or bipolar disorder and 9 of the women (0.03%) received the diagnosis severe mental and behavioural disorders associated with the puerperium during the first year postpartum.
The multiple logistic regression analysis with PPP as the dependent variable showed that the risk of PPP was increased in women who had a history of any psychiatric illness or specifically a psychotic disorder, bipolar disorder or mania, depression, anxiety disorder or personality disorder (Table III) . There were no differences in PPP risk between those who had given birth after IVF treatment compared to those who had given birth after spontaneous conception (Table III) .
Discussion
This study indicates that the risk of PPP is not increased in women who give birth after IVF treatment compared to those who give birth after spontaneous conception. Hence, the hypothesis posed in the beginning of this study is rejected. The risk of PPP increases with a history of any psychiatric, or specifically a psychotic, bipolar, depressive, anxiety or personality disorder within the last 5 years. To our knowledge, this study is the first to examine the possible association between IVF treatment and PPP.
In accordance with the results of previous studies, this study shows an increased risk in IVF pregnancies of pre-eclampsia, Caesarian section and preterm birth (Nygren et al., 2007; Zollner and Dietl, 2013) , which have been identified as PPP risk factors (Nager et al., 2008; Bergink et al., 2015) . However, the logistic regression analyses showed no associations between any of these complications and PPP. Hence, these results do not support the theory of PPP as an autoimmune disorder.
A possible explanation to the lack of differences in PPP risk between the groups could be the 'healthy patient effect', which has been described in several previous studies (Eugster et al., 1999; Yli-Kuha et al., 2010) . This hypothesis states that those who choose to confront the emotional demands of infertility treatment are psychologically more robust than women who choose to not seek treatment for their infertility or those who give birth spontaneously. This effect might mitigate the negative influences that infertility and IVF treatment can have on psychological well-being. However, in regard to a history of psychiatric disorders, those in the control group were significantly more likely than those in the IVF group to have a history of schizophrenia or psychotic disorders but there were no significant differences between the groups for bipolar, depression, anxiety or personality disorders. The differences in regard to schizophrenia or psychotic disorders are not likely to have affected the PPP risk since the number of women with these disorders was small.
These results are in accordance with those of previous studies in showing lower prevalence rates of psychotic disorders in women undergoing infertility treatment compared with the general population (YliKuha et al., 2010; Ebdrup et al., 2014) . It is likely that these women to a lesser degree choose to apply for treatment due to awareness of the added strain that infertility treatment can cause. In addition, women with a history of severe mental illness will most likely not be accepted for treatment in Sweden and, among those who are accepted, their fertility treatment success rate is lower than that of women without a history of psychotic disorders (Ebdrup et al., 2014) . Therefore, these women would not have been included in the IVF register.
The present study confirms the results of previous studies in showing that a history of a bipolar disorder (Sit et al., 2006; Harlow et al., 2007; Bergink et al., 2012; Jones et al., 2014) or a psychotic disorder (Harlow et al., 2007) Continued increased in women with a history of any psychiatric disorder, a previous depressive episode, an anxiety or a personality disorder, disorders which have not previously been implicated as PPP risk factors. An explanation for these results could be that women with severe mental health problems are likely to be at increased risk of comorbidity with other psychiatric disorders.
Strengths and limitations
The total number of individuals was small as PPP is a rare condition. Since we included all women for whom information was available from the registers, it was not possible to further increase the power of the study. A post hoc calculation of the power of the study resulted in a power of approximately 75, whereas 80 often is used as the default. Hence, the power of this study is lower than the 'normal' default but is still of an acceptable level, supporting the negative findings in this study. Given that the IVF register does not include information about unsuccessful IVF treatment, childbirth after other forms of infertility treatment or IVF treatment performed in other countries, we were not able to ascertain that some of the women included in the control group did not adhere to one of these categories. We were not able to control for family history of PPP or bipolar disorders since the registers do not provide this information. For schizophrenia and psychosis as well as bipolar disorder there were small numbers resulting in large CIs. Hence, these results must be regarded with caution. Strengths of this study include a large study population. All primiparous women who had given birth after IVF treatment during the specified time period were included to maximize the power of the study. In addition, the registers included in this study are validated, widely used and of good quality. Another strength is that we were able to control for most known confounding factors through regression analyses. This study is probably generalizable to all western women who have received IVF treatment.
Conclusion
The present study is the first to examine the risk of PPP in women who give birth after IVF treatment. While the risk of PPP does not appear to be increased in women who conceive using IVF treatment compared with those who conceive spontaneously, a history of schizophrenia or other psychotic disorders, bipolar, depression, anxiety or personality disorders increases the risk of PPP. 
